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(54) POSITIONING METHOD 

(57)Abstract: 

PURPOSE: To perform correct positioning by detecting a 
nonlinear component of a shot arrangement on a wafer. 
CONSTITUTION: Wafer marks of respective shot 
regions are measured by an alignment sensor so as to 
find the linear coordinate values of the reference points 
of the respective shot regions from these measurement 
results and the design data by an EGA method (steps 
101 to 109). On the basis of the linear coordinate values 
and using an appropriation formula, the curve 
arrangement coordinates in consideration of nonlinear 
components of the shot arrangement are found (step 
110) so as to find the outline curves indicating the 
outlines of the respective shot regions from the curve 
arrangement coordinates by interpolation (step 111). 
Exposure is performed while changing a scanning direction, a rotation direction of a reticle 
stage and a height of a wafer stage conforming to strains of the respective shot regions to be 
shown by the outline curves. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] With the aligner imprinted to each shot field on a substrate, the pattern formed in the mask In 
the alignment approach for performing alignment of each shot field of said substrate, and the pattern of 
said mask The 1 st process which measures the array coordinate of the predetermined reference point 
which belongs to two or more predetermined shot fields among all the shot fields on said substrate, 
respectively, Statistics processing of the array coordinate on the design of said predetermined reference 
point belonging to the observation array coordinate measured at this 1st process and two or more 
predetermined shot fields on said substrate is carried out. The 2nd process which computes the linearity 
component of the observation array coordinate of said predetermined reference point, The alignment 
approach characterized by having the 3rd process which deducts said linearity component from said 
observation array coordinate, and asks for a nonlinear component, and the 4th process which asks for 
distortion of each shot field on said substrate based on the nonlinear component called for at this 3rd 
process. 

[Claim 2] The alignment approach characterized by doubling with distortion of each shot field which is 
the alignment approach according to claim 1, and was detected at said 4th process, and making the 
projection image of said mask pattern on said substrate distorted. 

[Claim 3] The alignment approach which is the alignment approach claim 1 or given in two, and is 
characterized by asking for the profile of each shot field on said substrate based on two or more curves 
which approximate two or more curves which pass along said predetermined reference point based on 
the observation array coordinate measured at said 1st process, and are obtained by this approximation in 
said 4th process. 

[Claim 4] It is the alignment approach according to claim 2. Said aligner In order to be the aligner of the 
scan exposure mold which scans said mask and said substrate relatively and imprints the pattern of said 
mask to each shot field of said substrate serially and to make the projection image of the pattern of said 
mask on said substrate distorted The alignment approach characterized by changing at least one of the 
location gap by the relative scanning direction and the scanning direction, and the height of said 
substrate during a relative scan with said mask and said substrate. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.n... 7/31/2006 



JP,09-007921,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the alignment (alignment) approach of performing alignment of each shot 
field on a wafer, and the pattern of a mask based on the array coordinate predicted using the statistical 
method, also when the aligner of a stepper mold performs alignment, it can be applied, but this invention 
is suitable when performing alignment of a mask and each shot field on a wafer in the aligner of step - 
and - scanning method especially. 
[0002] 

[Description of the Prior Art] In case a semiconductor device or a liquid crystal display component is 
manufactured at a photolithography process, the projection aligners (stepper etc.) imprinted to each shot 
field on the wafers (or glass plate etc.) with which the pattern of the reticle as a mask was applied to the 
photoresist through projection optics are used. In order to expand exposure area, without making the 
burden to projection optics heavy as a projection aligner recently other than a stepper mold, step - and - 
scanning method which synchronize and scan a reticle and a wafer to projection optics are also being 
used. 

[0003] For example, since many circuit patterns of a layer are formed in piles on a wafer, in case a 
semiconductor device carries out projection exposure of the circuit pattern after a two-layer eye on a 
wafer, it needs to perform alignment with the pattern of the reticle to be exposed each shot field in which 
the circuit pattern was already formed, and from now on on a wafer, i.e., the alignment of a wafer, 
(wafer alignment) with high precision. As the highly precise alignment approach of the wafer in the 
conventional projection aligner, as indicated by JP,6 1-44429, A The coordinate location of the alignment 
mark (wafer mark) attached to the shot field (sample shot) of the predetermined number chosen from on 
a wafer is measured. The alignment approach of the en hunger strike global alignment (it is hereafter 
called "EGA" for short) method which computes the array coordinate of each shot field on a wafer by 
carrying out statistics processing of this measurement result is learned. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the alignment approach by this EGA method, 
since the array coordinate of the shot field on a wafer was searched for in linearity and alignment was 
carried out based on it, the nonlinear distortion in the shot field produced when a wafer receives various 
processes, and the nonlinear distortion by the wafer itself remained as an alignment error (superposition 
error). Therefore, especially, when a nonlinear distortion was large, there was un-arranging [ that highly 
precise alignment was difficult ]. 

[0005] In view of this point, this invention aims at offering the alignment approach which can carry out 
alignment of each [ these ] shot field and the exposure pattern of a reticle with high precision, even when 
a nonlinear distortion is in the inside of each shot field on a wafer, or the wafer itself. 
[0006] 

[Means for Solving the Problem] The alignment approach by this invention is the aligner which imprints 
the pattern formed in the mask (R) to each shot field on a substrate (W). In the alignment approach for 
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performing alignment of the each shot field and the pattern of a mask (R) of the substrate (W) The 1st 
process which measures the array coordinate of the predetermined reference point (22a-22h) which 
belongs to two or more predetermined shot fields (21a-21h) among all the shot fields on the substrate 
(W), respectively (steps 101-107), Statistics processing of the array coordinate on the design of that 
predetermined reference point (22a-22h) belonging to the observation array coordinate measured at this 
1st process and two or more predetermined shot fields (21a-21h) on that substrate (W) is carried out. 
The 2nd process which computes the linearity component of the observation array coordinate of the 
predetermined reference point (step 108,109), The 3rd process which deducts the linearity component 
from the observation array coordinate, and asks for a nonlinear component (step 110), It has the 4th 
process (step 111) which asks for distortion of each shot field on that substrate (21a-21h) based on the 
nonlinear component called for at this 3rd process. 

[0007] In this case, it is desirable to double with distortion of each shot field (21a-21h) detected at that 
4th process, and to make the projection image of that mask pattern on that substrate (W) distorted. 
Moreover, in that 4th process, it is desirable to ask for the profile of each shot field (21a-21h) on that 
substrate (W) based on two or more curves which approximate two or more curves which pass along 
that predetermined reference point (22a-22h) based on the observation array coordinate measured at that 
1 st process, and are obtained by this approximation. 

[0008] Moreover, an example of the aligner is the aligner of the scan exposure mold which scans the 
mask (R) and its substrate (W) relatively, and imprints the pattern of the mask (R) to each shot field 
(2 Id) of the substrate (W) serially. In this case, in order to make the projection image of the pattern of 
that mask (R) on that substrate (W) distorted, it is desirable to change at least one of the location gap by 
the relative scanning direction and the scanning direction and the height of that substrate (W) during a 
relative scan with that mask (R) and its substrate (W). 
[0009] 

[Function] According to the alignment approach of this this invention, by the Prior art, a nonlinear 
distortion which the substrate (W) which was not able to be detected has is detectable by asking for the 
nonlinear component of the array coordinate of the predetermined reference point of a predetermined 
shot field. Moreover, when doubling with distortion of each shot field (21a-21h) detected at the 4th 
process and making the projection image of the mask pattern on a substrate (W) distorted, amendment 
also of a nonlinear error is attained and highly precise alignment can be performed. 
[0010] Moreover, two or more curves which pass along a predetermined reference point (22a-22h) in the 
4th process based on the observation array coordinate measured at the 1st process are approximated. 
When asking for the profile of each shot field (21a-21h) on a substrate (W) based on two or more curves 
obtained by this approximation, even if each shot field (21a-21h) is distorted nonlinear, it can ask for the 
profile of the form near those actual profiles. 

[001 1] Moreover, it is the aligner of the scan exposure mold with which an aligner scans a mask (R) and 
a substrate (W) relatively, and imprints the pattern of a mask (R) to each shot field of a substrate (W) 
serially. In order to make the projection image of the pattern of the mask (R) on a substrate (W) distorted 
In changing at least one of the location gap by the relative scanning direction and the scanning direction, 
and the height of a substrate (W) during a relative scan with a mask (R) and a substrate (W) The 
projection image of the pattern on a substrate and the bent shot field can lap by changing a location gap 
of a relative scanning direction and a scanning direction or the height of a substrate (W) according to 
distortion of the shot field, scanning a shot field. 
[0012] 

[Example] Hereafter, one example of the projection aligner by this invention is explained with reference 
to a drawing. This example applies this invention to the projection aligner of scan exposure molds (step 
-, - scanning method, etc.). Drawin g 2 shows the perspective view of the outline configuration of the 
projection aligner of this example, and illumination distribution is equalized in this drawing 2 through 
the optical system AL which the illumination light IL injected from the exposure light source which 
consists of an extra-high pressure mercury lamp etc. becomes from a fly eye integrator, a collimator 
lens, a relay lens, a field diaphragm, etc. And the illumination light IL by which illumination distribution 
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was equalized It is reflected by the dichroic mirror 1 and the lighting field IAR of the shape of a slit of 
the inferior surface of tongue (pattern formation side) of Reticle R on which the circuit pattern etc. was 
drawn through the condenser lens 2 is illuminated. The projection image which reduced the pattern in 
the lighting field IAR through projection optics 5 for the contraction scale factor (for example, 1/5 or 
1/4) beta is projected on the exposure field IA of the shape of a slit on the wafer W with which the 
photoresist (sensitization material) was applied to the front face. In drawing 2 , the Z-axis is taken in 
parallel with the optical axis IX of projection optics PL, and the X-axis and a Y-axis are set as the 
rectangular coordinate system within a flat surface perpendicular to the optical axis IX here. In addition, 
as the exposure light source, excimer lasers, such as other, for example, KrF, excimer laser [ lamp / 
bright-line ], such as an extra-high pressure mercury lamp, and ArF excimer laser, copper steamy laser, 
the tidal-wave wave generator of an YAG laser, etc. are used. 

[0013] Reticle R carries out vacuum adsorption on reticle jogging stage 3a - having - this reticle 
jogging stage 3a - the inside of a flat surface (XY flat surface) perpendicular to an optical axis IX - 
being two-dimensional (rotation also being included) ~ it moves slightly and Reticle R is positioned. 
Moreover, reticle jogging stage 3a is laid on stage 3b for a reticle scan driven to a scanning direction by 
the reticle mechanical component (un-illustrating) which consisted of linear motors etc., and is movable 
in the direction (scanning direction) of Y at a predetermined scan speed. A reticle stage 3 consists of 
reticle jogging stage 3a and stage 3for reticle scan b, and has the migration stroke whose whole surface 
of Reticle R can cross the optical axis IX of an illumination-light study system at least to the direction of 
Y on reticle base 3c. Migration mirror 4Y of the direction of Y which reflects in the edge of reticle 
jogging stage 3a the laser beam from two laser interferometers (un-illustrating), migration mirror 4X of 
the direction of X which reflects the laser beam from the laser interferometer 9 of the external direction 
of X, and the direction of Y, is being fixed. The location of the scanning direction (the direction of Y) of 
a reticle stage 3 and the direction of X is always detected with the resolution of about 0.01 micrometers 
as the average of the measurement value of two laser interferometers, and a measurement value of the 
laser interferometer of the direction of X. Moreover, the angle of rotation of a reticle stage 3 is also 
detected from the difference of the measurement value of two laser interferometers for Y-axes. 
[0014] The location and rotation information on a reticle stage 3 from those laser interferometers are 
sent to a stage control system 12, and a stage control system 12 drives a reticle stage 3 through a reticle 
mechanical component (un-illustrating) based on the location and rotation information on a reticle stage 
3. Since the initial valve position of a reticle stage 3 is determined so that Reticle R may be positioned 
with a sufficient precision by the non-illustrated reticle alignment system in a predetermined criteria 
location, the location of Reticle R is measured sufficiently with high precision only by measuring the 
location of the migration mirrors 4X and 4Y with a laser interferometer. Moreover, the measured value 
of those laser interferometers is supplied to the alignment control system 14 and the CC system 13 
through the stage control system 12, and a CC system controls a stage control system 12 based on the 
measured value of this laser interferometer. 

[001 5] In the projection aligner of this example, as shown in drawing 2 , Reticle R is illuminated in the 
lighting field IAR of the rectangle (the shape of a slit) which has a longitudinal direction in the 
perpendicular direction (the direction of X) to the scanning direction (the direction of Y) of Reticle R, 
and Reticle R is a rate VR to the direction (or the direction of +Y) of -Y at the time of exposure. It is 
scanned. The pattern in the lighting field IAR (a core is mostly in agreement with an optical axis IX) is 
projected on Wafer W through projection optics 5, and the slit-like exposure field IA is formed. 
[001 6] For Wafer W, since it has a handstand image formation relation, Wafer W synchronizes in the 
direction (or the direction of -Y) of +Y at Reticle R, and Reticle R is a rate VW. It is scanned and the 
pattern of Reticle R is serially exposed all over the shot field on Wafer W. The ratio (VW/VR) of a scan 
speed is what was in agreement with the contraction scale factor beta of projection optics PL, and the 
contraction imprint of the pattern of Reticle R is correctly carried out on the shot field on Wafer W. 
[001 7] Vacuum adsorption of the wafer W is carried out on the wafer holder 6, and the wafer holder 6 is 
held on the wafer stage 7. To the best image formation side of projection optics PL, Z stage7Z in which 
the rotation actuation around an optical axis IX is also possible, and Z stage 7Z are laid [ that it can 
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incline in the direction of arbitration ] that it can move slightly in the direction of optical-axis IX (Z 
direction), and the wafer stage 7 lays X stage 7X which can move in the direction of X freely, and X 
stage, and is constituted from Y stage 7Y which can move in the direction of Y freely by the non- 
illustrated mechanical component. The wafer stage 7 performs step - and - scan actuation which repeat 
the actuation which carries out scanning exposure to each shot field on Wafer W by wafer stage 
mechanical components (un-illustrating), such as a motor, and the actuation which moves to the 
exposure starting position of the next shot field. 

[001 8] Migration mirror 10Y of the direction of Y which reflects in the edge of Z stage 7Z of the wafer 
stage 7 the laser beam from two laser interferometers, migration mirror 10X of the direction of X which 
reflects the laser beam from the laser interferometer 15 of the external direction of X, and the non- 
illustrated direction of Y, is fixed. The location in XY flat surface of the wafer stage 7 is always detected 
with the resolution of about 0.01 micrometers by the laser interferometer 15 and the laser interferometer 
(it is made to represent with "a laser interferometer 15" hereafter) of the direction of Y. The system of 
coordinates which become settled by the X coordinate and Y coordinate of the wafer stage 7 which are 
measured with a laser interferometer 15 are called stage system of coordinates (X, Y). Moreover, the 
angle of rotation of the wafer stage 7 is also always detected, the positional information (or rate 
information) and rotation information on the wafer stage 7 are sent to a stage control system 12, and a 
stage control system 1 2 controls a wafer stage mechanical component based on this positional 
information (or rate information). Moreover, the measured value of a laser interferometer 15 is supplied 
to the alignment control system 14 and the CC system 13 through the stage control system 12, and the 
CC system 13 has composition which controls a stage control system 12 based on the measured value of 
this laser interferometer 15. 

[0019] Moreover, the wafer location detection system (a focal location detection system) of the oblique- 
incidence method which becomes equipment of drawin g 2 from the exposure optical system which 
irradiates the image-formation flux of light for forming a pinhole image or a slit image towards the 
exposure side of Wafer W in the direction of slant to an optical axis IX, and the light-receiving optical 
system which receive the reflected light bundle on the front face of exposure of the wafer W of the 
image- formation flux of light through a slit is being fixed to the supporter (un-illustrating) supporting 
projection optics 5. About the more detailed configuration of this wafer location detection system, it is 
indicated by JP,60-1681 12, A, for example. A wafer location detection system detects the position error 
of the Z direction to the best image formation side of the projection optics 5 of the exposure side of a 
wafer, and since the wafer holder 6 is driven to a Z direction so that Wafer W and projection optics 5 
may maintain predetermined spacing, it is used. The wafer positional information from a wafer location 
detection system is sent to the CC system 13 through a stage control system 12. The CC system 13 
drives the wafer holder 6 to a Z direction based on this wafer positional information. 
[0020] Moreover, the projection aligner of this example is equipped with the alignment sensor 1 1 of a 
FIA (Field Image Alignment) method (image pick-up method) near the projection optics 5 by the off- 
axis method for performing alignment of Reticle R and Wafer W. Measurement light is irradiated by the 
wafer mark later mentioned on Wafer W from the alignment sensor 1 1 of this FIA method, image 
formation of the wafer mark image is carried out on the index plate which the reflected light from a 
wafer mark formed in the alignment sensor 11, and the image which relayed this image has composition 
picturized with image sensors, such as two-dimensional CCD. And by carrying out the image processing 
of the image pick-up signal by the alignment control system 14, the location of the wafer mark on the 
basis of the index mark on the index plate is detected, and the coordinate in the stage system of 
coordinates (X, Y) of a wafer mark is detected by adding the coordinate of the wafer stage 7 at that time 
further. 

[0021] Moreover, although not illustrated, in addition to this, the projection aligner of this example is 
equipped with the alignment sensor of a LSA (Laser Step Alignment) method and a LIA (Laser 
Interferometric Alignment) method, and it is used according to the surface state of Wafer W, choosing 
the class of alignment sensor. The detecting signal from these alignment sensors is processed according 
to the alignment control system 14, and the alignment control system 14 has composition controlled by 
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the CC system 13 in generalization. In addition, for each alignment sensor, the alignment sensor by 
which the alignment sensor which detects a location gap of the direction of X according to the wafer 
mark mentioned later, respectively detects a location gap of one shaft and the direction of Y is one shaft 
and a total of two shafts preparation ********. 

[0022] Next, with reference to the flow chart of drawin g 1 , it explains per alignment approach of this 
example. First, Wafer W is coarsely positioned by the loading point at step 101. That is, with the 
PURIARAIMENTO equipment whose wafer W is not illustrated, it positions coarsely so that the flat 
section or the notch section on Wafer W may turn to a fixed direction. And in step 102, Wafer W is 
conveyed on the wafer holder 6 on a stage, it installs so that the direction positioned previously may be 
maintained, and vacuum adsorption of the wafer W is carried out on the wafer holder 6. 
[0023] Next, precise alignment is performed by measuring the location of the wafer mark formed in 
each shot field of Wafer W using the alignment sensor 1 1 which shifts to step 103 and is shown in 
drawing! . In addition, this alignment is performed about the 2nd layer of Wafer W or below, and the 
wafer mark is already formed for every shot field on Wafer W, respectively. 
[0024] D rawin g 3 showed the shot array on Wafer W, and has taken out only the single tier which 
passes along the center section of Wafer W by drawing 3 among the shot array. The coordinate location 
in the stage system of coordinates (X, Y) of the wafer mark of the shot field (it is called a ft sample shot" 
below) of the predetermined number chosen from all the shot fields on Wafer W is measured. Let each 
shot fields 21a-21h be sample shots in this drawing 5 . All over the street line between each shot field, as 
the shot fields 21a and 21b show, the wafer marks 48 A and 48B for location detection of the direction of 
X and the wafer marks 49A and 49B for location detection of the direction of Y are formed. Below, the 
wafer mark of the direction of X and the direction of Y considers that the array coordinate of the core is 
the array coordinate of each shot field as what shows the array coordinate of the core of each shot field, 
respectively. The array coordinate on the design on the system of coordinates on the wafer W of each 
shot field on Wafer W (sample system of coordinates) (x y) is memorized beforehand. 
[0025] As shown in drawin g 5 , each shot field deformed from the form of the rectangle at the time of a 
design, and the each shot fields [ 21a-21h ] central point 22a-22h was not arranged in parallel to sample 
system of coordinates (x y), but is arranged rounded. This example carries out linear approximation of 
the shot array of the wafer W which has such a shot array by the EGA method first, and computes the 
array coordinate near an actual shot array by [ still nearer to an actual measurement ] carrying out 
curvilinear approximation based on it. 

[0026] In this case, if shot field 21a is made into the sample shot for measurement, the X coordinate in 
the stage system of coordinates (X, Y) of wafer mark 48A for the X-axes is detected by the alignment 
sensor 1 1 of drawin g 2 , the Y coordinate of wafer mark 49A for Y-axes will be detected by the 
alignment sensor for non-illustrated Y-axes, and the detection result of those alignment sensors will be 
supplied to the alignment control system 14 and the CC system 13 of drawing 2 . 
[0027] If it explains in more detail, K shot fields (K is three or more integers) will be chosen from all the 
shot fields on Wafer W as a sample shot. In this case, the array coordinate on a design at the core of all 
the shot fields on Wafer W, i.e., the sample system of coordinates of each wafer mark, (x y) is 
memorized by the storage section in the CC system 13. the following - array coordinate (Xn and Yn) on 
the n-th design (n=l-K) of the core of a sample shot ** - it carries out. 

[0028] And the CC system 13 shifts to step 104, after initializing to 1 the integer n which shows the 
sequence of a sample shot in step 103. The array coordinate on the n-th design of the core of a sample 
shot (Xn and Yn) By being based and carrying out the stepping drive of the wafer stage 7 through a 
stage control system 1 2 It sets up so that the wafer mark of the n-th sample shot may come to the 
measurement location of the alignment sensor 1 1 . However, it has separated from the core of the sample 
shot from the exposure location according to telescopic motion of Wafer W, a rotational error, etc. in 
fact. This amount of location gaps is an alignment error, and an actual array coordinate including this 
alignment error is measured. 

[0029] Therefore, the CC system 13 operates two alignment sensors and the alignment control system 
14 of a FIA method, and makes the location in the stage system of coordinates (X, Y) of two wafer 
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marks of the n-th sample shot on Wafer W detect in step 105. The positional information is supplied to 
the CC system 13. It judges whether after only 1 made the value of an integer n increase, it shifted to 
step 107 and measurement finished with continuing step 106 about K sample shots. Therefore, steps 
104-106 are repeated K times, about each of K sample shots, the coordinate value of two wafer marks, 
i.e., a main array coordinate, (XMn and YMn) asks, and it is memorized. Thus, if measurement is 
performed about K sample shots, actuation will shift to step 108 from step 107. 
[0030] And the CC system 13 computes the coordinate transformation parameter (it is hereafter called 
an "EGA parameter") from sample system of coordinates (x y) to stage system of coordinates (X, Y) 
using the array coordinate (Xn and Yn) and the actually measured array coordinate (XMn and YMn) on 
the design of the core of each sample shot. In addition, the EGA parameter may be computed by 
computer of every exception. This count is performed using a least square method as indicated by JP,61- 
44429,A. Moreover, the EGA parameter is a linearity parameter which consists of the linearity 
telescopic motion (scaling) Rx and Ry, Rotation theta, perpendicularity W, and offset Ox and Oy. 
[0031] Next, it shifts to step 109 and the CC system 13 calculates an array coordinate value [ linearity / 
on the count on the stage system of coordinates (X, Y) of each / these / central point ] (GXn, GYn) using 
the EGA parameter for which it asked at step 108, and the array coordinate value on the design of the 
central point of all the shot fields on Wafer W (CXn, CYn). Drawing 4 shows the condition in stage 
system of coordinates (X, Y) with a central point [ each / 22a-22h ] of shot fields [ which are shown in 
drawing J. / 21 a-21h ], the straight line which connected the array coordinate value (GXn, GYn) asked 
for alpha shaft by the above EGA count about the central point 22a-22h in this drawing 6 is shown, and 
beta shaft shows the straight line which put the core of each shot field in a row to the lengthwise 
direction. The include angle of this alpha shaft and the X-axis of stage system of coordinates (X, Y) is 
Rotation theta. Although the shot array by the linear approximation on Wafer W is acquired by EGA 
count as shown in this drawing 4 , the each central point [ to alpha shaft / 22a-22h ] nonlinear error 
remains. For example, the central point 22c and 22b etc. has a large error from alpha shaft. 
[0032] Then, in step 110, the array error (delta GXN, delta GYN) of the linearity array coordinate (GXn, 
GYn) and actual measurement (XMn and YMn) which were computed at step 109 is computed, based 
on the array error (delta GXn, delta GYn), curvilinear interpolation is carried out by the Lagrange's 
interpolation polynomial by making the shot array on Wafer W into an example, and a nonlinear 
curvilinear array coordinate value is computed. If each shot field of q lines of Wafer W shall be formed 
in the direction of X in p train and the direction of Y here, this curvilinear array coordinate value will be 
computed by covering p train and q lines, and the array coordinate value of all the shot fields of Wafer 
W will be calculated. Thereby, the curvilinear array coordinate value about q lines (QXms and QYms) is 
obtained about p train (PXms and PYms). However, m is an integer from 1 to p, and s is an integer from 
1 to q. In addition, although the Lagrange's interpolation polynomial was used for searching for the 
curvilinear array of each shot field in this example, other interpolation types and approximate 
expressions may be used. For example, you may approximate with a secondary function, the 3rd 
function, etc. about a coordinate. 

[0033] Drawing. 5 shows a part of curvilinear array coordinate value obtained by curvilinear 
approximation, and the curvilinear array coordinate value obtained by the above approach as an 
alignment curve 23 showed the approximation curve about the shot fields [ 21a-21h ] central point 22a- 
22h and it was shown in this alignment curve 23 shows the array near an actual measurement in this 
drawing. 5 . Next, it asks for the profile curve of each shot field by the interpolation type at step 1 1 1 
from the curvilinear array coordinate value calculated at step 1 10. For example, when asking for a shot 
fields [ 21a-21h ] profile curve, supposing the shot fields 21a-21h are in s lines now The interpolation 
coordinate value (THXms and THYms) which shows the profile of the edge of the shot fields [21a- 
21h ] direction of +beta is computed by substituting (PYm (s-l)+PYms) / 2 for the interpolation type 
showing p shot fields [ 21a-21h ] trains which belong. Moreover, the interpolation coordinate value 
(BHXms and BHYms) which shows the profile of the edge of the direction of -beta similarly is 
computed by substituting (PYm (s+l)+PYms) / 2. A profile coordinate value (RHXms and RHYms), 
and (LHXms and LHYms) which show the profile of right and left of shot fields [ 21a-21h ] alpha shaft 
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orientations by the same approach are computed. And the profile coordinate value showing the profile of 
all the shot fields on Wafer W is computed, and it memorizes by the CC system 13. In addition, the 
profile coordinate value calculated here shows the middle location of the adjacent shot field instead of 
the coordinate value which shows the location of the side of each shot field, i.e., the location of the 
center section of the street line. Therefore, when the position coordinate of the side of each shot field 
was required, for example width of face of a street line is set to d, if only **d/2 is added to the above- 
mentioned interpolation coordinate value, it can compute. The profile curve of beta shaft orientations of 
each shot field is computed similarly. 

[0034] Drawing_6 shows the curvilinear map in which the interpolation coordinate value calculated by 
the above approach is shown, and sets it to this drawin g 6 . For example, interpolation curvilinear 24T 
shown with a broken line show the curve showing the interpolation coordinate value (THXms and 
THYms) which shows the profile of the edge of the shot fields [ 21a-21h ] direction of +beta. 
Interpolation curvilinear 24B similarly shown with a broken line shows the curve showing the 
interpolation coordinate value (BHXms and BHYms) which shows the profile of the edge of the shot 
fields [ 21a-21h ] direction of -beta. Moreover, interpolation curvilinear 24R similarly shown with a 
broken line shows the curve showing the interpolation coordinate value (RHXms and RHYms) which 
shows the profile of the edge of the direction of -alpha of 21 g of shot fields, and interpolation curvilinear 
24L shows the curve showing the interpolation coordinate value (LHXms and LHYms) which shows the 
profile of the edge of the direction of +alpha of 21g of shot fields. 

[0035] Next, in step 1 12, n is initialized to 1 and exposure of each shot field is started. First, in step 1 13, 
the wafer stage 7 is positioned according to the curvilinear array coordinate value which shows the 
location of the central point of each shot field for which it asked at step 1 10. And it exposes in step 1 14, 
scanning the wafer stage 7 or a reticle stage 3 so that the interpolation curve between the shot fields for 
which it asked at step 1 1 1 may be met from the stage location determined at step 1 13. In this case, since 
the scanning direction of Wafer W is the direction of beta, it rotates Z stage 7Z of drawin g 2 , and it 
rotates Wafer W so that that direction of beta may be in agreement with the Y-axis of stage system of 
coordinates. 

[0036] DravdngJ7 is for explaining the scanning direction of the reticle stage 3 corresponding to the 
profile of a shot field, and the wafer stage 7, and drawin g 7 (a) and drawing 7 (d) show two shot fields 
where it is distorted, respectively and directions differ. Moreover, drawing 7 (b) and (e) show the 
scanning direction of the reticle stage 3 in that case, and drawing 7 (c) and (f) show the scanning 
direction of the wafer stage 7. As shown in this drawin g 7 (a), when the both sides 25R and 25L on 
either side have bent uniformly in the direction of +X (direction right-angled on beta shaft) from lower 
side 25B towards surface 25T of the shot field 25 As shown in drawing 7 (c) and (b), while scanning the 
wafer stage 7 linearly in the direction (beta shaft orientations) of +Y A reticle stage 3 is scanned in the 
direction of -Y so that the projection image on the wafer W of the scanning line 27 of a reticle stage 3 
may become isomorphism in the sides 25R and 25L of right and left of the shot field 25 mostly, in this 
case, intersection PI of surface 25T and right-hand-side 25L of the shot field 25 of drawin g 7 (a) from ~ 
point P2 with right-hand-side 25L up to - the distance of the direction of Y - u - carrying out - 
intersection PI from point P2 up to — the distance of the direction of X — t (u) — then Scan initiation 
point P3 of the reticle stage 3 of drawin g 7 (b) Point P2 of drawin g 7 (a) The scanning direction of a 
reticle stage 3 is controlled so that t(u) =betar (w) is mostly materialized among the distance w and R of 
the direction of X between the corresponding points P4, and the direction of Y (w). In addition, beta 
showed the projection scale factor of projection optics 5, and the relation of u=beta w is materialized 
between the distance u of a shot field, and the scan distance w of a reticle stage 3. 
[0037] Moreover, surface 26T and lower side 26B of the shot field 26 will be in an parallel condition 
like drawing J (d). When having bent so that the width of face of left part 26R may be larger than the 
width of face of right-hand-side 26L and both sides on either side may swell in the direction of +X As 
shown in drawing J (e) So that the center section of the reticle stage 3 may meet scan curvilinear 29b 
corresponding to the alignment curve 30 which shows the curvilinear array coordinate which passes 
along central point 26a of the shot field 26 of drawin g 7 (d) Scanning, the scanning direction of right 
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and left of a reticle stage 3 is scanned so that the scan curves 29a and 29c corresponding to the both 
sides 26R and 26L of the shot field of drawin g 7 (d) may be met. The migration length of right and left 
of a reticle stage 3 is adjusted by specifically rotating a reticle stage 3 counterclockwise. 
[0038] moreover, when the width of face of the non-scanning direction of the upper part of the shot field 
33 and the lower part show in the case where overall magnitude differ like the shot fields 31 and 32 
show in drawing. 8 (a), or drawin g 8 (b) differ extremely, where tele cent rucksack nature be break 
down, in addition to the approach of drawin g 7 , a reticle stage 3 and the wafer stage 7 be further move 
to a Z direction perpendicular to XY flat surface, and it correspond by change the projection scale factor 
beta. For example, in the example of drawin g 8 (a), in exposing the shot field 32, it moves a reticle stage 
3 and the wafer stage 7 to a Z direction so that the projection scale factor beta may be made smaller than 
the case of the shot field 31. Moreover, in the example of drawing 8 (b), when exposing the shot field 
33, it exposes by making the projection scale factor beta small gradually, moving a reticle stage 3 and 
the wafer stage 7 during a scan at a Z direction. 

[0039] Next, it is checked whether at step 115, after only 1 made the value of an integer n increase, 
shifted to step 116 and exposure of all shot fields has been completed. If it has not ended, return and the 
next shot field are again exposed to step 113. When it ends, the exposure actuation about Wafer W is 
ended by what the wafer W which exposure ended at step 1 17 is taken out from the wafer holder 6 for 
(unload). 

[0040] As mentioned above, according to the alignment approach of this example, by the Prior art, 
amendment also of the error by nonlinear distortion which the processed substrate which was not able to 
be amended has is attained, and highly precise alignment can be performed, moreover, by also taking 
into consideration the distortion component of each shot field, and scanning a wafer stage or a reticle 
stage in the shape of a curve at the time of exposure, there is effectiveness of the improvement in 
precision of the superposition not only in the core of a shot field but the periphery section, and there is 
an advantage that the yield of the chip which can be taken from per wafer also goes up. Furthermore, 
according to this example, by asking for the profile curve of the shot field on a wafer, scale-factor 
fluctuation of each shot field can also be known, and there is also an advantage of becoming possible to 
perform scale-factor amendment for every shot field at the time of scan exposure. 
[0041] Moreover, the approach of this invention is applicable not only to a scanning projection aligner 
but the aligner of the stepper mold which carries out one-shot exposure of the pattern on a reticle to the 
shot field on a wafer. Thus, this invention can take configurations various in the range which is not 
limited to the above-mentioned example and does not deviate from the summary of this invention. 
[0042] 

[Effect of the Invention] According to the alignment approach of this invention, since it is asking for the 
nonlinear component of the array coordinate of two or more predetermined shot fields, there is an 
advantage which can detect the nonlinear distortion of the substrate (wafer) which was not detected 
conventionally. Moreover, in doubling with distortion of each shot field detected at the 4th process and 
making the projection image of the mask pattern on a substrate distorted, in order to take into 
consideration to the nonlinear distortion of a substrate and to perform alignment, it is effective in highly 
precise superposition becoming possible. 

[0043] Moreover, in the 4th process, two or more curves which pass along the predetermined central 
point based on the observation array coordinate measured at the 1st process are approximated, and when 
asking for the profile of each shot field on a substrate based on two or more curves obtained by this 
approximation, it can ask for the profile near the almost actual form of each shot field. Furthermore, 
scale-factor fluctuation of each shot field can also be known by calling for the exact profile of each shot 
field on a substrate. There is also an advantage which can follow, for example, can perform scale-factor 
amendment for every shot field at the time of exposure. 

[0044] Moreover, in order to be the aligner of the scan exposure mold with which an aligner scans a 
mask and a substrate relatively and imprints the pattern of a mask to each shot field of a substrate 
serially and to make the projection image of the pattern of the mask on a substrate distorted In changing 
at least one of the location gap by the relative scanning direction and the scanning direction, and the 
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height of a substrate during a relative scan with a mask and a substrate The projection image of the 
pattern on a substrate and distortion of a shot field can lap by changing a location gap of a relative 
scanning direction and a scanning direction or the height of a substrate according to distortion of the 
shot field, scanning a shot field. Therefore, there is effectiveness of the improvement in precision of the 
superposition not only in the core of each shot field but the periphery section, and there is an advantage 
that the yield of the chip which can be taken from per substrate also goes up. 
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G03B 27/32 F 

G03F 7/20 521 
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[Procedure revision] 

[Filing Date] June 19, Heisei 14 (2002. 6.19) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1 ] In the alignment approach for the aligner which imprints the pattern formed in the mask to 
each shot field on a substrate to perform alignment of each shot field of said substrate, and the pattern of 
said mask, 

The 1st process which measures the array coordinate of the predetermined reference point which 
belongs to two or more predetermined shot fields among all the shot fields on said substrate, 
respectively, 

The 2nd process which computes the linearity component of the observation array coordinate of said 
predetermined reference point by carrying out statistics processing of the array coordinate on the design 
of said predetermined reference point belonging to the observation array coordinate measured at this 1st 
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process, and two or more predetermined shot fields on said substrate, 

The 3rd process which computes the error of said observation array coordinate and said linearity 
component, 

The 4th process which searches for the nonlinear array of each shot field on said substrate based on said 

error searched for at this 3rd process, 

The alignment approach characterized by ****(ing). 

[Claim 2] In the alignment approach according to claim 1, 

Furthermore, the alignment approach characterized by including the 5th process which asks for 
distortion of said each shot field. 

[Claim 3] It is the alignment approach according to claim 2, 

The alignment approach characterized by doubling with distortion of each shot field detected at said 5th 
process, and making the projection image of the pattern of said mask on said substrate distorted. 
[Claim 4] They are claims 1 and 2 or the alignment approach given in 3, 

The alignment approach characterized by asking for the profile of each shot field on said substrate based 
on two or more curves which approximate two or more curves which pass along said predetermined 
reference point in said 4th process based on the observation array coordinate measured at said 1st 
process, and are obtained by this approximation. 
[Claim 5] It is the alignment approach according to claim 3, 

Said aligner is an aligner of the scan exposure mold which scans said mask and said substrate relatively 

and imprints the pattern of said mask to each shot field of said substrate serially, 

The alignment approach characterized by changing at least one of the location gap by the relative 

scanning direction and the scanning direction, and the height of said substrate during a relative scan with 

said mask and said substrate in order to make the projection image of the pattern of said mask on said 

substrate distorted. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0006 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0006] 

[Means for Solving the Problem] The alignment approach by this invention is the aligner which imprints 
the pattern formed in the mask (R) to each shot field on a substrate (W). In the alignment approach for 
performing alignment of the each shot field and the pattern of a mask (R) of the substrate (W) The 1st 
process which measures the array coordinate of the predetermined reference point (22a-22h) which 
belongs to two or more predetermined shot fields (21a-21h) among all the shot fields on the substrate 
(W), respectively (steps 101-107), Statistics processing of the array coordinate on the design of that 
predetermined reference point (22a-22h) belonging to the observation array coordinate measured at this 
1 st process and two or more predetermined shot fields (21a-21h) on that substrate (W) is carried out. 
The 2nd process which computes the linearity component of the observation array coordinate of the 
predetermined reference point (step 108,109), It has the 3rd process (step 1 10) which computes the error 
of an observation array coordinate and its linearity component, and the 4th process (step 1 10) which 
searches for the nonlinear array of each shot field on that substrate (21a-21h) based on the error searched 
for at this 3rd process. In this case, you may make it include the 5th process (step 111) which asks for 
distortion of each of that shot field (21a-21h) further. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0007 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0007] Moreover, it is desirable to double with distortion of each shot field (21a-21h) detected at the 5th 
process, and to make the projection image of the mask pattern on the substrate (W) distorted. Moreover, 
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in that 4th process, it is desirable to ask for the profile of each shot field (21a-21h) on that substrate (W) 

based on two or more curves which approximate two or more curves which pass along that 

predetermined reference point (22a-22h) based on the observation array coordinate measured at that 1st 

process, and are obtained by this approximation. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0009 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0009] 

[Function] According to the alignment approach of this this invention, by the Prior art, a nonlinear 

distortion which the substrate (W) which was not able to be detected has is detectable by asking for the 

nonlinear component of the array coordinate of the predetermined reference point of a predetermined 

shot field. Moreover, when doubling with distortion of each shot field (21a-21h) detected at the 5th 

process and making the projection image of the mask pattern on a substrate (W) distorted, amendment 

also of a nonlinear error is attained and highly precise alignment can be performed. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0042 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0042] 

[Effect of the Invention] According to the alignment approach of this invention, since it is asking for the 
nonlinear component of the array coordinate of two or more predetermined shot fields, there is an 
advantage which can detect the nonlinear distortion of the substrate (wafer) which was not detected 
conventionally. Moreover, in doubling with distortion of each shot field detected at the 5th process and 
making the projection image of the mask pattern on a substrate distorted, in order to take into 
consideration to the nonlinear distortion of a substrate and to perform alignment, it is effective in highly 
precise superposition becoming possible. 



[Translation done.] 
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t% ; t(Dffi7Z.<DM'<$& (2 2 a~2 2 h) ©|§:gt±©IE 

&m&m*n&? § ^; 2 t®. (xf ? 7 1 0 8 , 1 
09) ?<Dnmmmmfrtb ; t<D®.B!#.ftttmL5\ 

^T^»fiSc^if<i6i>^3Ig (XT-y^l 1 0) 

«g±©&->3-y MIM (2 1 a~2 1 h) Ol*^* 
465^4X8 (Xx-y7°l 1 1) ^> SrSt^tOTfe 10 

-So 

[0 0 0 7] £©*!£, f©^4Iit^tliSn/c§>' 
3-yhifc# (2 1 a~2 1 h) ©l&tC^fc.-ttT^S 
tS (W) t\cMi%Z<D^7>t ^5-y<Dm&{%*W.Z 
tf-f>Ci;AWi:U\, ^©§S4XgK:f3^T, * 

©?g i xe?tt9j«n/£^i!WBEf>Mif ta^^^oms 

(2 2 a~2 2 h) fcaSfflfttDflttfcjfiftt 

»« (W) ±©&fa>y MB« .(2 1 a~2 1 h) ©ft 
WfcjRtoSCfctfiffSlA^ 20 
[0 0 0 8] Sfc, *©BttgH©-0!IH\ fiDvXv 

(R) t^nmu (W) ^^fflW^tc^SLT^ovx 

* (R) <D*Z—V*W!k.Z<OW6l (W) ©&i/3-yh 
SM« (2 1 d) E(65f*j£lEWfcffl45»ttS«T* 
D, C©if£\ -^©8*5 (W) ±t«lt4 J f©7Xi' 

(R) ©/**-:/©t9J&{**£*#5fcii>fc, ^©vt. 

* (R) (W) i:©ffljtt^2£*fc, fflW^S 

7j[pk j£a^iRjT<Dfflat*n, &tf*®s« cw) ©« 

[0 0 0 9] 30 

©-> 3 •> h®Mo>iwmmpMym®o)WMf&ft 

Sfi (W) ©#o#«JBfcM#*8ittJ-r* 

s 0 s/c, S4ii?«ifflsnft»5/3>yH)a (2 1 

a~2 1 h) cDl^t-^^-tiTSS (W) XlCfttf^V 

[0 0 10] Sfc, S4l8Kl3fT, *ll8"etHH 40 
Stlfc^8llie5IJfl5«l»Cil^*Bf3E03SfllijS (2 2 a~2 

2h) ^asaisoiaiii^jfiffiib, c©jfi<cucj:»>*§6 

ft**»©l&«fcS''3^TWR (W) lOftS/avKK 
V (2 1 a~2 1 h) 0tftff£$&«J|$lCfi, S^a 
7 hflHK (2 1 a~2 1 h) mi&BK&fuWXt* 

[0 0 1 1] g-fc, XttttBtf. VXy (R) 
(W) MmmcfeMLX-??.? (R) 
3$&fi (W) (D^a-yYvM^mt^&m&mi 50 
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4 

<ommkWx*hK), mm cw) ±fc*ttsvz^ (r) 
mm (w) ^(Dtiw^s^ic titt^s^ ^s^fa 

T-ofae-ftu RO*S« (W) OiS?C'M<i:tio 

(SjcDffiH-rn, xb&k (w) <offi$*«fk*-&a<ii: 

[0 0 12] 

iffl»ffi*«5 > T^fr 6 & 3 «%3tt»P 6 fftf] « tifcH 

*DRSt£ft, ^y^y^-uyXz^rnxm^^- 
>%bmfrttfcU^;l/R©TB (/<*->»J*B5) © 
X U -y b tt©IBWfiR« I A R U ^OBHWfiS* I 

«?IJ;L 1 / 5 UH± 1 / 4 ) T*g'h L/c fiSe«*, 

/NW±OX'J-y AldS»*nSo 
?H2 fcfcvT, S«3t^P I XlcTOtC Z 

mvyzfm<Dn^vyy°<Dm. Mz.li K r Fi+yvi/ 

-^A r F X+->7 l/-f ->V U-f m 

ilIIl/-f^Y A G U-tf©BSifif8£gHSFtfM£fli 

[0 0 13] U^*^RttW-*;14Mttl*^-$*3 a± 

I XtcSl&^ffi (XY^PS) rtT2 3fc7EW 

is) [cmm^xv*t>iR*{iLW(k$>-tz> a $tc, 
v >mm*T-i? 3 aiiU-7*-^ ffis ? nfc u 

S„ ^^;i/Xr-^3«l/^^;i/«S«jXx-^3 aR 
yi/f^;^Sffl7f-^3 b*->6filfi!c$n, IsT-tJl' 
•^-7,3 c±T'Y?3lRllcWLTU^^;l/R<D3>ffi^>4 

3 a ©SgPtC tiM-gP© X 73 AO U-+f 9 6 © U 
-+f(f-A^SI4-r§X73[Rl©^S)^4 XRO*Y73|6]© 



(4) 

5 

»"T*YfilnJ©»ft*4Y#B;fcSftT*D, b^*;I/ 
Xf->'3 0Mffi (Yfift) RtfX£lR|<DffiBH:2 
IS© U— tf TJWttOttWflWSfc&tf X^IrIO U— 9* 
T$ft©lt$J{iIhLT, W*.tfO. 0 1 /im@jt©#» 
flgTHJBStttHStiT^S. Sfc, YWffl©2{0©b— 9* 
TSffl-©tt8l«©2# J: t) W^Wf-^ 3 ©mes 

[ooi4] ^ne>©b-+fTi$ftfre>©b7^;i'XT 

-i? 3 OffiBRtf@efllf8tt^r-^IWW3R 1 2 tCjM£ 
ft, Xf— i>'$iJW^ 1 2f±bf-^Xx->>'3©fi7.BSc 10 

BSEa<fflBR»{>Sn* i-9 lc> b^;l/Xx-->*3 ©30 
HHffiH#tt££ft*fci&, 8ft»4X, 4Y©{lzB£1« 
— f Ti$StT«-f Sf£ttT% b* *;UR ©{&«#+# 

1 4Ry**$y»^i 3tcflt*&*nT^i3, 

(i c © u— »f T»W-oiBSfl[ icg^r xf— *JPffiik 20 

1 2**ijwrs. 

[0 0 15] *ia«W©S»il3tt«liK:*v^Ttt, H2 

git&Tjft (x^) KmttfaZfi-rzmjim cxv 

7 h tt) QfiBI&fKJ* I A R -C X ;!/ R 5 fU b 
^/WiSftBtt-YTjlfi] (xa + Y^[Ri) tciiSV 

i Tx*+vsft3. mipsiar w>mmnx 

?ns„ 30 
[0 0 16] >>x/NW(3:bf-^;l/Ri;«ffliz:^f§H^tc 
&%Tzibs ^x/nW«+Y7t-|o) (Xtt-Y^ilRj) b 

^^;UR(ci5]Rt3tT, iaav, TX*^>£tU 
^jutsn*. ^Sjiaott (v. /v« ) 

L©ffi/jNfg^|3f;:-aLfct»{c^oTfe0> bf- 
^;l/R©/^-y*^XMW±©^3 7 hH$±k:IBi 

[0 0 17] '>XMW(i'?XMsJ-Wl'^6±KKS®»$ 
ft, ■Jxnt^Bli^IA^f- S?7±K&8 ?nt 40 

MI XOS^IIlfElWk^&ZXx-v^ Z, ZX 
f— S>7 Z^SBL&OX/^tC&i&gft&XXx-^ 
7X, RtfXX-f->>'%«gLY75l6]t&ffijg?£&YX 
Yfr?>«c£ftT^So >7XAXf- ^7«* 
-^©^x^Xr-^igijgE (^HjS) kJ;»)Sx/n 

W±©£i/3 7 hfB«'sX+-WllJtrs«lffi:, #© 
S/ 3 7 b HWOBJtBBSMttli * "P»IW * ftft t ZWk *) 50 
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6 

S-rXf-7 7"- 7> K • X*+^Sl^ff'5o 
[0 0 1 8] ^l/^f-^70Z^f-i'7 Z©fflS5 
tC(iHSPcDX>^|R](DU— lf^Fj$tf 1 5fr5©b— 

© 2 f@© b— tfT* tf-frs © u-+f s y 

-fin<m$m\ oYtmiz-zn. 9x^*7— s; 7 ox 

Y¥BF»JTfOffllH4U— 9*T$ff 1 5SO'Y^(Dl/- 

■fTiftt (J-xT, rb— ifflsnti 5 j -ettas**) 
tctoT, giuwfo. o i fi mg)t©^ti-emB#^ai 
«ntv^. u-+f'=Fjf8f 1 5-pitjBiJsns^x^NXx 

-3>a»0R (X, Y) -)XAXf- i>'7 

©iHieftt^Bt^m^n. c/x/nx-t- z/KDitiwmWi 
ou&a&m «) atfEMEUfStt^f— s?wii« 1 2 

£5. ft, Xf-/*|iMl 2«c©{iS'lffS (XfiMfi 
ABB) taS^^Tfx/AXx-^KIMWSWIW*. $ 
/-c, U— «f=F$ttl 5©«iJ^ffl«X-r-v''»IS 1 2^r 

^ntfcD, 3ttu©b-9-'T#ltl 5 

©IiJ^ffitcS^V^TX^-^iJ®^ 1 2%©JffiIT?.«fiSc 

[0019] £/c> lll2©g«^c^i^x/^w©B^ffi^c 

myt^ikt, ^©g{S7tm© , >x/NW©s!7 , fiafflT-©s 

T(i> (?iJx.« ! ltMHS6 0- 1 6 8 11 2^|gtM/T:$ 

^is 5 ©aansfiffitc^f 5 z 73 rni©figfiM^^tb 
So ^xMtes^m^e.©^xMffigif^ti, xx- 

*J$W& \ 2^^bTPp*fl!i»l 3tC^P»nSo 
^6^Z73[RllC|g|Jj-rSo 

[0020] sfc, *.m<Dt9>&mftmmcii.is?-?ji<R 

^T*F 1 A (Field Image Alignment)^ 

fiiA6nTV^5o t(DF I A73^©7^Yyy 
1 1 ^5>^x/NW±©?tji-rS^x^v-^lcH-iJ^ 

b. C ©ft% U b- bfc«*< 2^tcCCD ^©tl{|[^? 
T}f^^tlS«fi!ct^-pTV^o ?bT, 

$<J8P^ 1 4 ttfDwm&zwmmrz ctic&K)? 



(5) 

7 

%io»t6i:i:mA7-*oxf-i?HBR (x, 
y) ■tfoffiffi^tttusn^o 

[0 0 21] $fc, *Bj*?«*tf*W©SW»JfcSH 

Kte^©^ L S A (Laser Step Alignment) U^RZf 
L I A (Laser Interferometric Alignment ) 7ji£©7 

Jilt J:0, 77^^>h-b>+fcDfI«^il^bTffifflT 

«$i 4«**iwisi 3t±»)«afiWK:iiiWP«n*«i 

<DWn%«fflt«77^^1'H!>'Wli« It 2 
Wd*.£>ftT<A3 0 
CO 0 2 2] *fl»JOffl«^*5^ffit-3*0 1 © 

0 1 T"!?IAW^P-f • ^ y h T*§< ffiM 

*6-f£ 0 en*., ^xaws^o^'J 20 

©/jfa£ft<£5Kffi<{u§&tf)-f3o ^LT, Xf7 
7"1 0 2tC4o^T-7X/NW^XT-> > '±CD'7XM^;P^' 

[0 0 2 3] 7.^'y7°l 0 3£&frLT02K:^ 

?7?<<x> h-ty-t 1 1 £ffl<^T, -)xawcs->3 

Httt?X^W©S2*lWI*lCO^TfTfctt*t>0T* 30 
0 , ■7XmW±cD^->'3 'y h^StC^n^n^XMT 

[0 0 2 4] 0 3 (i, -7X^W±©ya y bEWfcgs 
U 0 3Tf±f-<D^3 7 bSa^J^^^^XMWOtf^gE 
*»«HW7£»**« 0 Hi LT^5. <?x/NW±©:i:g|$© 
->a -y HR«fr6«R«nfcBfJ£«»<0->3 >v ME# 

(J-XT Htfyy/USya-y bj Oxay-^C 
Xf->"IiI (X, Y) -C©&&ffiK%trBW*«, C 
©0 5tc:fc^T, : &->3'ybfB«2 1 a~2 1 h£+ry 
■7i[/i/a>yb£t%o S'>3 7 h M^cfgcDT. b 'J — h ^ 40 
-f y^tc(i(?iJ^«'-> 3 -y h®«2 1 a, 2 1 bT'/S-rj: 
X7jft©fiS&toffl©£x/v?-:?4 8 A, 4 8 
B, RtfY^lRjWttlMtHJfflO^XMT-^ 4 9 A, 4 
9 BtfJ&fiKSnTVSo UTTtt, X^ftSctfY/tlRl© 
">XAV-^Mtlfft#i/3 7 b{S$©4^©E?iJffi 
aift^-TtOfc LT, *©(fJj&©EMS**£5' a 'y b 

©->xmw±©»& (mmmm (x, y ) ±t?© 

tM±©K?iJffiS^tf>Ktl£ftTV^ 0 
[0 0 2 5] 05 (C^T «fc ? ft, g-y 3 -y bM$tt!&irr 50 
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8 

P»0)e»0»fr6a»L, 7 hSB«2 1 a~2 1 

h ©if'j&jfi 2 2 a ~ 2 2 h ( x , y ) left 

©JcSfcfa v bE^^tf StfxvWVOS'a -y bE?U 

%$-rEGAaic«j:o u *n»c«tJ(/^TMt 

#!?IiJ{iitc5at^ffl^3a{a-rs ^t\z&<0 n?%<Dzs 3 -y bE 

[0 0 2 6] C©if^ a -y MS$2 1 a&Jtaifcffc 
Otyy^a'yhttSt, Xlftffl^^x/NV-^ 4 
8 k<D*T—*Jmm% (X, Y) TOXlgAl2C7 

^^yh-t^i 1 icfco^msn. y«!©?xm 

tta*6Htf 0 2 077^^ y b Mft$ 1 4 Rtf**iw» 

6 1 3tflt*&?ns. 

[0 0 2 7] £<9mL<mWt%t, -7XMW±©±gP 
0->3 7MSA^Ki (Ktt3Ja±©i£S) ©i/3-y 

>7X/NW±©:£g|5©y 3 -y b^©*^ BP^§r>x/N 

(x, y) T(Dmti±(omnmm 

T&nSg (n=l~K) O+ry^U^a v b©4"<L>© 
KlH-±©IEfUJSai* (Xn , Y. ) if 3c 

[0 0 2 8] *UT, $&MfF%l 3(iXf771 0 3 
tCfcl^T, V-yf)liya y b n % 1 lc 
«J»HfcLfc&, Xf771 0 4fcWfbT, nSlOt 
y7^->3 -y b©^'L>©l£ft±©E?iJffifil (X. , 
Y. ) IcSotXT— yfiJfflUS 1 2^LT^XAXf 
-> ? 7^7 > T-yey^|g«]-r3Ci:icj:t3, n#SO^ 
>7;k>3 7 KD^iAY-^A^^-i^yh-tyf 1 

l©tHBfiMlt<*J:3KKS , r*. fflU UlSfctt* 
XAWom HI(teKII^K«J:^Tf-©-9-y^i/ a <y 
b©^t£SMiBfrS^nTi/^<, coffig-fftltf 
7^-f^y b^MT-^o, cfflT^ ^y b^M^^Av 

[0 0 2 9] ZCDtctb, Xfy7l 0 5tCfcl>T, 
SfJfflUS 1 3ttF I A7?S©2ffl©77i'y<y b-fey^rS 
t/77-f^y b*iJW3fi 1 4^ftK$-&T, >7x/nW±© 
ntgO+t-y^g 7 b©2ffl©<?XMV— ?I07f 

— s^jssaefi (x. y) TofflB^ttws'^So ^©fi« 

1 3tflttS«ti5, i<Xf77l 0 

7 ic^ff UTKffl©-9-y/;i/-y a -y bfco^TtfWH 
fcofc*»i!5jtP* ! PJje , r*. ftoT, Xf77l0 4~ 
1 0 6^K@|«»3)I$nT, Kffl©"9-yy;l/-ya -y b© 

^n ; enii:ov^T2o©'7x>'Nv-^©Miffi, En*>cf 

^©E5IJfl5« (XM., YM„ ) ^*46TE1t«n5. 
C©<fc-5£LTK<@©+J-y:7°;l/v'3 y blCOl>TtriJ* ,; 
fifrft&ts imiXf'7 71 0 7A^Xf771 0 8 



(6) 

9 

[0 0 3 0] *LT, ^&Umk \ 3 ti. Z^y-f^i/ 

a 7 v<D^'b<Dm\±.<r>mmm (x» , y„ ) , rxs 
mmicmitntz^mm (xm„ , ym. ) zm^ 
t, mmm& u, y ) frwf->m (x, 
y) swmm^Wi'^t-t 1 (wt, rEGA^^y- 
*j fcrnbtSo as, gust©^^-* 

TfOE G A^7^-^%WtHL,Tt<fc^o C©ft* 
ti, ^BS6 1- 4 4 4 2 9^$fiT«£n-cv3J; 

EG A/^^-^(i»#IS Uy-'jy^") Rx, R 10 
y, a-x—>3>e, H^fiW, Stf^-t'y 1-0 
x, Oy cfcO&SSSff^^-^T&So 
[0 0 3 1 ] #IC, Xf7/1 0 9tC^TbT, 4>&»J 
$P£l 3&Xx'y7l 0 8t'*J6fcEGAA7^-^S 
tf7XMW±©:£g|$©->3 -y hflii©^4>£©ISf|-±© 

mmwM (Cu, Cv„) ^ffl^r, ?-n£&^Lv5© 
7.T-i/mm& (x, y) ±T-»its±^ff^Bs?yffi 
if ia (Gx. , Gv„ ) zm&Zo mtiz, H3t^-r^3 

•y huMM 2 1 a~2 1 h ©^ft^n©^,* 2 2 a~2 
2hOXf-^IIi^ (X, Y) tCfctf^m^/TU 20 
C©06,<:*5^T\ affl^4 I 'L^2 2 a~2 2 hlC^L 
TWICE G AtWfCfc fJ^&nfcBEyjffiffiffi 
(G»„ , Gv„ ) £^faW&£^U 0ttti&v'3 'y b 

ttfcXT-v^S'JS (X, Y) ©Xffii^fitfo-f- 
->3>et'^. dCDH4tC^-r < i:5(CEGAIt*tC 
£9 7xMW±©»^{ttfcc);£>'3 -y hE?iJ«t#?>n 
i-tf, oiKSt5«'t'M2 2 a~2 2 hOl&KJ&fc 
MSSLTl^o fliJ;U£^LV&2 2 c, 2 2 bH« 
n(W»60K*« l *«^ 30 
[0 0 3 2] ?CT', Xx-y7l 1 OlCfcl^T, 7.x-y 
71 0 9?gtBSnfcttJB*E7!lffiffi (G«n , G* ) t 

mmm cxm. , ym, ) ^©e^m (ag» , ag 

n ) fcSfflU *©E?iJSIl (AG* , AG*, ) KiScS 

7X^W©3>gP<D>/ 3 -y hffilS©K?yi£«M6£2Ri&3 < , 40 
CtttJ:!) pJlJtKILT (Pi- , P»« ), qfflCM 

lt (o» , q»« ) oawE^iuiffitf^ftens. 

fib, mlilA^pSTOSJSfSU, sttlA>P>qS 
I1LT 2 $HSrt> 3 ^HRSS^ififfit LTtJ;^ 

[0033] 0 5 nifjfltuc «t 9 ?# 6 n^ai*isaw 

li->3'y hfM^c2 1 a~2 1 h<D$*>b&2 2 a~2 2 h 50 
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ifil^E5U%jj*bTl^*o Xf77l 1 IT, Xf 
y 7° 1 10 ?#»fcfil*iBfyffifflffi«J: 9 *•> a v h«« 
<DftWilfi«*ffiira*K: «fc 9 *46§o 0>Jx.fcT 37h figg 
2 1 a~2 1 hOHWfft»**i6«ig^, ->a 7 h^g 
2 1 a~2 1 h#VS sfTfcfcSfcTSiU '>37 HR 

^2 1 a~2 1 h<D+pisfa<oiffinm$M£mrwn& 

WM (TH<„ , THv« ) fii/a -y h®«2 1 a~2 

1 h ojr-ts pfflow^S'TMrascK (Pw + p 

- pj5fa(Dt%&<Dmf£ZKt1§MmWM (BH te , B 
Hy„ ) a (Pw,.o +Pv.« ) /2^At5ili: 
TKttiSttSo l^i&7j&.C<i:9v'3«y h«2 1 a~ 

2 1 h<r)afHl7?[p]cD£^£D||f|5^Tfifflf|5Mt (RH 
te , RHv. s ) , (LH te , LHy„ ) ^WtUt 

?«m£*«ft%*tiiU 1 3T?Ett5o ft 

fe\ c c , 7?**6/'clWPa««ttt*'>3 -y hfi^oiaofi 
«£^-rffi*ffi-e«&<, K9^3->3 -y hRiSfDppP^ 

fenti", mz.lt X h 'J - h 7^ y^ifl^: d Lfc«£, 
±3SOlf Kffifflffifc ± d / 2 ^^jn^nwfJWi-rs C 4: 

[0 0 3 4] 0 6 tt, W±OT3)SYC < t , ?5)<46P»nfcffi^ 

XtaST^tffiPa82 4 Tli~>3 -y hM^2 1 a~ 
2 1 h©+p^|R|<0«g8IJOlt?l5%^-rffiiaffi«ffi (TH 

«„ , th,« ) *s-rffi«**t, ratRKfisitT^-r 

WffiS2 4 Btt->3 -y hfH«2 1 a~2 1 h<D- fifi 

fa<DVsi®<Dffim*m?w$mMm (bh<. , b 
hy. 5 ) %s-ra»«r^LTi''So s/c, rac<«tT 

^Wli2 4 RtiJ/a -y b««2 1 g(D-a73[Rj<D 
4Sffl5©IM15%^-rffiHHl«ffl (RH,. S , RHr. ) % 
3Wft«*^U MH1&IS2 4 Ltiv-3 -y h«S^2 1 g 
0D+a^lRlO«gffl©lt»**-rflliaffi«fil (LH,. S , 
LHta ) **rft**35LTV^«. 
[0 0 3 5] ^C, Xf7 71 1 2tCt5VT, n?;llc 

r-y^l 1 3lci3(/>T, X77/1 1 0T«S->3 
1 4lCfc^T, X777*l 1 3T'ikfe-$ftrcZ-7—i/ii 

«^e>, xt7yi i ix^n>f">B'y hm^Moffiffl 

&micftt 5 «t o ic V x/ NX t— V 7 Xti Uf - * ;l/X-r- 
^3%3taEU*^6»)t%fTdo C©«^, 7XMWO 
jta^lSUi p ?3lRlT*feSfcto> tWAtf H 2 © Z Xr—>" 
7 Z^rlHlfetT, *©j8£fi*<Xr-5?g«3S©Y«li: 
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coo3 6] mm, ->3 -y bfi^oiiWcttJE-rsu 

Hfl-f 3fci60:>&cOT\ 0 7 (a) Rt>*0 7 (d) ti^n 
^nili&Tj^.&S 2 0(Di> a -y hpM^^LTt^c 
B7 (b) , (e) ^©Jf^U^l/Xx- 
i>'3CD^a7i(o]^L., 07 (c) , (f) I^XAX 
t- ^©^STJfSl^LT^-So C<D07 (a) £^ 
n5tfa -v hni$2 5cD±ffl2 5 T (C[p)CtTTffl 2 
5 Bfr5t^©ii5S2 5 R. 2 5 L#+X?j|3j (/3WIC 10 

(c) , (b) KSVrj^K^XMXf— i/"7«:+Y>3 

(Si oifc?i«o) icwmmcm&tztmc. u^^x 

hiME2 5©fc&©2 2 5 R, 2 5 L t<Om$mMKt £ 

©Jf£, 0 7 (a) ©^3 -y hnS^2 5©±2!2 5 It 
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